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METHOD FOR CLONING SECRETED PROTEINS 



Bar kffroun d of the Invention 

Many biologically important molecules, in particular for use in therapy, are secreted 
proteins. For example, growth factors, interferons, erythropoietin, and insulin have been used 
successfully for treating various conditions and diseases. 

Secreted proteins are characterized by the presence of a hydrophobic signal peptide at the 
amino terminus of the protein. The hydrophobic signal sequence is typically from about 16 to abput 
30 amino acids long and contains one or more positively charged amino acid residues near its N- 
terminus, followed by a continuous stretch of 6-12 hydrophobic residues. Signal peptides from 
various slcreted proteins have otherwise no sequence homology. The presence of a hydrophobic 
signal peptide at the amino terminus of a protein mediates its association with the rough 
endoplasmic reticulumn (ER), which in turn mediates its secretion from the cell. 

The mechanism by which peptides or proteins having a signal peptide associate with the 
endoplasmic reticulumn and are secreted is as follows. Protein synthesis begins on free ribosomes.' 
When the elongating peptide is about 70 amino acids long, the signal peptide is recognized by a 
particle, termed a "signal recognition particle" or "SRP", which in turn is capable of interacting with 
a receptor, termed "SRP receptor", located on the ER. Thus, growing peptides having a signal 
peptide are targeted to the ER, where peptide synthesis continues on the rough ER. At some point 
during the protein synthesis or after the protein synthesis is completed, the protein is translocated 
across the ER membrane into the ER lumen, where the signal peptide is cleaved off. There the 
protein can be postranslationally modified, e.g.. glycosylated. Whether posttranslationally modified 
or not, the protein can then be directed to the appropriate cellular compartment, e.g., secreted 
outside the cell. 

Several systems have recently been developed to isolate nucleic acids encoding secreted 
proteins. One system which is used frequently and of which several variations exist is a system 
termed "Sequence Signal Trap". One such system (such as the Genetic Institute's DiscoverEase™ 
program) is yeast based and uses the yeast invertase gene, which cleaves the disaccharide sucrose 
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i«„.onosaochaHdes^uco.eandm.«os. Accor^.o*e sy=«n,, a Bbre., of cDNAs Is c.o^ 
of *e .ene e„coa.„g inven^e and yeas. are ..eced o„ sucrose S,„. ,e.^^ 
l<„i^s„aos.t«.ca„inges.S.c,osc and glucose, o„,y yeasts seaeong.™^^^ 
.ogrowlsucrose. Thus. o*yeas«wUchco„™acDNAcon.ai™nga.gna.se<,ue„ce property 

^ .0 U,e invertase gene «i« pemH invemse .0 be sec«ed and «iU surwe o„ .crose^ 

However, such sys.en« have several drawbacks. For example, fte sequence s,^ .^P 
system requires that ,he sequence signal be firsed property, e.g, in frame, ,0 .he gen. encodmg *e 
Lerrasr Even where .he .gna. sequence is in .ame, Uris may produce a ^ pro... ^* 
may be ,ns.able. Thus, only a fracion of .he cDN As confining a signal sequence wrH be W 

equirl *a. U,e protein con.aining .he signal s«,uence be secre.ed. However, „ ts known that 
rrous proteL containing signal pep^des are uapped in .he endopUsnnc reuculun. 
Accordingly, .he requtremen. *a. U,e «tsion pro.ein con.a.ning the signal pepttde be actually 
secretedfurtherreducestheefficiencyofcloningsecretedprotems. .. 

Thus it is highly desirable to have a system for isolating nucletc acds encoding secreted 
proteins which is more efficien. and reliable to .he existing sequence signal .rap sysrems. 

Siifnm:iTT ^^^^^ Invention 

— „s to a mchod for isolarion of nudeic adds en^dmg pro.«.^ 

comprising a sign, peptide, e.g., secreted protons. In a prefe^ed embodimenUl. .nven^™ 
com Hses isolating an W.A mole«,le associated ^.h microsome. An " -^^^ 
method is ouUined in Figure 1. The me*od of the invention f"'-''\^^"^^°Z 
known methods for cloning genes encoding secreted protein.. In partrcular. the mettad of *e 
Ution does not htvolve a ftrsion protein. Ka.her, .he me.hod selecs namra. secreted pro.e.ns. 
Fur.hennore,themetf>odof.heinventiondoesno.requiretheproteintobesecreted^ 

The invention is based a. leas, in par, on the obsetvation that nucletc acd tnol^es 
encoding sece«d proreins can be cloned f^om RN A *a. is isola.ed from ™— 
herein an mA molecule encoding a prorein haAg a signal pep.,d. can be ■ ola.ed from a 
poptdationofRNAmolec^lesby^^translaHonofapopulaUonofRNAmol^^^^ 

L RNA molecules beit^ uanslated with microson^s, pudScation of «.e mtcrosomes from fte free 

ribosomes, and isolation of RNA from the purified microsomes. 

According^,theinve„tionpro^desamethodfor^anucl.cacidencod,ngap,..«n 

having a signal peptide, ^ch as a secreted prorein The method comprises tsolaung an RNA 
molecule Iciated with microsomes under condKions wherein the RNA ,s a, least par,,* 
^,,napref«,edembodimen.themethod»«her comprise synthesi^mgasmgle stranded 
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DNA molecule from the RNA molecule. The single stranded DNA molecule can further be 
converted into a double stranded DNA molecule. The RNA, single stranded or double stranded 
DNA molecule can be inserted in a vector, such as an expression vector. In one embodiment, the 
method further comprises producing a protein from the expression vector. The RNA, DNA, or 
protein can be used for preparing a pharmaceutical composition comprising a pharmaceutically 
acceptable carrier. 

In one embodiment of the invention, the microsomes and the RNA are from the same cell, 
such as a mammalian cells, e.g., a human cell. In another embodiment, the microsomes and the 
RNA are heterologous. 

In one instance, the RNA which is at least partially translated is an RNA which is translated 
in an in vitro translation system, such as a reticulocyte lysate. The RNA can be isolated from a cell 
or tissue sample, e.g., a human cell or tissue. However, the RNA can also be transcribed in vivo, 
i.e., the RNA that is at least partially translated is obtained from a cell. 

In a preferred embodiment of the invention, RNA, an in vitro translation system and 
microsomes are contacted, to thereby produce RNA which is partially translated and wherein RNA 
encoding a protein comprising a signal peptide is associated with the microsomes. In an even 
preferred embodiment, the method further comprises isolating the microsomes and the RNA 
associated therewith, such as by sucrose density gradient centrifiigation. 

The invention also provides a method for enriching a population of RNA molecules in RNA 
molecules encoding a protein comprising a signal peptide, comprising (i) contacting the population 
of RNA molecules with a translation system, to thereby produce at least partially translated RNA 
molecules; (ii) contacting the at least partially translated RNA molecules with microsomes under 
conditions in which the partially translated RNA molecules comprising a signal peptide associate 
with the microsomes; (iii) isolating the microsomes and the RNA molecules associated with the 
microsomes; and (iv) isolating the RNA molecules from the microsomes, to thereby produce a 
population of RNA molecules enriched in RNA molecules encoding a protein comprising a signal 
peptide. The enrichment of the RNA population in RNA molecules containing a signal sequence 
can be of a factor of about 10, preferably at least about 100, at least about 10^, at least about \0\ 
at least about 10^ at least about 10^ at least about 10^ or at least about 10^ 

Also within the scope of the invention are libraries of nucleic acids encoding proteins 
comprising a signal peptide, prepared according to a method of the invention. The library can be 
a cDNA library or an expression library. 

The invention further provides nucleic acids, such as nucleic acids encoding secreted 
proteins, isolated according to the method of the invention and peptides encoded thereby. Nucleic 
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acids and peptides of the invention can be prepared as a pharmaceutical preparation comprising a 
pharmaceutically acceptable carrier. 

Other features and advantages of the invention will be apparent from the following detailed 
description and claims. 

Brief Description of the Drawings 

Figure I outlines the steps of a preferred method of the invention for isolating RNA 
molecules encoding proteins containing a signal peptide. 

Figure 2 is a photograph of an agarose gel showing RT-PCR amplified FRL2 and ODC 
RNA isolated from the top, middle and bottom of a sucrose gradient loaded with a translation 
reaction with ("Plus") or without ("Minus") microsomes. 

Figure 3 shows photographs from agarose gels containing RT-PCR amplified RNA 
encoding secreted proteins isolated from the top ("T"), or bottom ("B") of a sucrose gradient loaded 
with a translation reaction containing microsomes and RNA generated from a Stage 11-15 Xenopus 
library. 

Figure 4 shows photographs from agarose gels containing RT-PCR amplified RNA 
encoding cytosolic proteins isolated from the top ("T"), or bottom ("B") of a sucrose gradient 
loaded with a translation reaction containing microsomes and RNA generated from a Stage 11-15 
Xenopus library. 

Detailed Description of the Invention 

The endoplasmic reticulum (ER) of eukaryotic cells provides the cells with a mechanism for 
separating newly synthesized molecules that belong to the cytoplasm from those that do not. 
Lipids, proteins and complex carbohydrates destined for transportation to the Golgi apparatus, to 
the plasma membrane, to lysosomes, or to the cell exterior are all synthesized in association with 
the ER. Association of proteins with rough ER is mediated through the presence of a hydrophobic 
signal peptide at the amino terminus of the protein. 

The ER has two fimctionally and structurally distinct regions: the rough endoplasmic 
reticulumn, which is covered with ribosomes on the cytoplasmic side of the membrane and the 
smooth endoplasmic reticulumn, which lacks ribosomes. The rough endoplasmic ribosome is 
involved in the synthesis of secretory proteins, integral, ER, Golgi, and plasma-membrane proteins, 
glycoproteins and lysosome proteins. Though all nucleated cells, except sperm cells, have ER, the 
amount of rough ER varies from one cell type to another, depending of the fiinction of the cell. For 
example, a cell specialized in protein secretion, such as a pancreatic acinar cell and antibody 
secreting plasma cell, or a cell undergoing extensive membrane synthesis, e.g., an immature egg or 
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a retinal rod cell, are particularly rich in rough ER. The smooth ER is not involved in protein 
synthesis. 

Upon disruption of a tissue or cells by homogenization, the ER is fragmented into many 
smaller (about 100 nm diameter) closed vesicles called "microsomes", which are relatively easy to 
purify. Microsomes derived from the rough ER, are covered with ribosomes on the outside of the 
microsome and are termed "rough microsomes". Such a tissue or cell homogenate also contains 
many vesicles of a size similar to the rough microsomes, but which do not contain ribosomes on 
their surface. Such smooth microsomes are derived in part from the smooth portions of the ER and 
in part from vesiculated fragments of plasma membranes, Golgi apparatus, and mitochondria. 
Rough microsomes can be separated from smooth microsomes, e.g., by sucrose gradient 
centrifugation. In fact, smooth microsomes have a low density and stop sedimenting and float at 
a low sucrose concentration, whereas rough microsomes have a high density and stop sedimenting 
and float at high sucrose concentration. 

The present invention provides a method and reagents for isolating a nucleic acid encoding 
a protein having a signal peptide, by isolating an RNA molecule from microsomes or other-ER 
preparation. In a preferred embodiment, the protein having a signal peptide is a secreted protein. 
The protein can also be an integral, ER, Golgi, plasma-membrane protein, a glycoprotein, or a 
lysosome protein. In another embodiment, a population of RNA molecules is isolated from 
microsomes and used to prepare a library of nucleic acids encoding proteins having a signal peptide. 
In a preferred embodiment of the invention, the library is a cDNA library. In yet another 
embodiment, the invention further comprises isolating individual members of the library, e.g., 
cDNAs encoding secreted proteins. 

In an exemplary embodiment of the invention, the RNA molecule or the population of RNA 
molecules isolated from microsomes and the microsomes are heterologous, i.e., originate from 
different sources. For example, a population of RNA molecules being translated can first be 
contacted with heterologous microsomes and one or more RNA molecule associating with the 
microsomes can be isolated. In one embodiment, the RNA is first incubated with an in vitro 
transcription system and then microsomes are added to the in vitro transcription reaction. 
Alternatively, the RNA is added to a mixture containing an in vitro translation system and 
microsomes. 



Definitions 



For convenience, the meaning of certain terms and phrases employed in the specification, 
examples, and appended claims are provided below. 
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The phrase "at least partially translated RNA molecule" refers to an RN A molecule which 
is associated with at least one ribosome and which has served as a template for the synthesis of a 
peptide of sufficient length to be capable of associating with the endoplasmic reticulum (ER), e.g., 
by interaction with SRP receptors or by being inserted into the ER membrane. Accordingly, a 
partially translated RNA molecule will have been translated into a polypeptide of at least about 50 
amino acids, preferably at least about 60 amino acids, at least about 70 amino acids, at least about 
80 amino acids, at least about 90 amino acids or at least about 100 amino acids. In fact, the N- 
ternunal signal sequence emerges from the ribosome only when the polypeptide is about 70 amino 
acids long, since about 30 amino acids remain buried in the ribosome (James Darnell, Harvey 
Lodish, and David Baltimore, Molecular Cell Biology (1990) Scientific American Books). In a 
preferred embodiment, the at least partially translated KN A molecule is not completely translated, 
since in this case the ribosome/RNA/polypeptide complex dissociates from the ER membrane. 

The phrase "converting a single stranded DNA molecule into a double stranded DNA 
molecule" refers to any molecular process whereby a single stranded DNA molecule is rendered 
double stranded. Such a molecular process can be, e.g., primer extension from a primer hybridizing 
to the single stranded DNA molecule. 

The term "/z? vitro translation system", which is used herein interchangeably with the term 
"cell- free translation system" refers to a translation system which is a cell-free extract containing 
at least the minimum elements necessary for translation of an RNA molecule into a protein. An in 
vitro translation system typically comprises at least ribosomes, TIN As, initiator methionyl-*RN A^^, 
proteins or complexes involved in translation, e.g., elFj, ^^3, the cap-binding (CB) complex, 
comprising the cap-binding protein (CBP) and eukaryotic initiation factor 4F (eXF^p). 

The term "isolated" as used herein with respect to nucleic acids, such as DNA or RNA, 
refers to molecules separated from other DNAs or RNAs, respectively, that are present in the 
natural source of the macromolecule. The term isolated as used herein also refers to a nucleic acid 
or peptide that is substantially free of cellular material, viral material, or culture medium when 
produced by recombinant DNA techniques, or chemical precursors or other chemicals when 
chemically synthesized. Moreover, an "isolated nucleic acid" is meant to include nucleic acid 
fragments which are not naturally occurring as fragments and would not be found in the natural 
state. The term "isolated" is also used herein to refer to polypeptides which are isolated from other 
cellular proteins and is meant to encompass both purified and recombinant polypeptides. 

The term "heterologous" when referring to ER preparations, such as microsomes, and RNA 
means that the ER preparations and the RNA are not from the same cell, i.e., that the ER 
preparations are from one source of cells and the RNA is RNA isolated from a second source or 
is synthesized in vitro. The ER preparations and the RNA can be heterologous with respect to each 
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other if they originate from4he same cell or tissue, so long as the Rl^A and the ER preparations 
have been separated (enriched separately from one another) prior to being contacted. 

As used herein, the term "microsome" refers to a rough microsome, as opposed to a smooth 
microsome. Accordingly, a "microsome" contains SRP receptors which are capable of interacting 
with an SRP complex which itself interacts with a signal peptide. 

As used herein, the term "nucleic acid" refers to polynucleotides such as deoxynbonucletc 
acidCDNA) and, where appropriate, ribonucleic acid (RNA). The term should also be understood 
to include, as equivalents, derivatives, variants and analogs of either RNA or DNA made from 
nucleotide analogs, and. as applicable to the embodimem being described, smgle (sense or 
amisense) and double-stranded polynucleotides. 

The term "operably linked" is intended to mean that the promoter is associated with the 
nucleic acid in such a manner as to facilitate transcription of the nucleic acid from the promoter. 

The terms "protein", "polypeptide" and "peptide" are used interchangeably herem when 
rcfemnu to the translation product of a nucleic acid (e.g. a gene product). 

The term "RNA" refers to a nucleic acid in which the sugar is ribose, as opposed to 
dcoxynbose in DNA RNA is intended to include any nucldc acid which can be entrapped by 
ribosomes and translated into protein. 

The term "recombinant protein" refers to a polypeptide which is produced by recombmant 
DNA techniques, wherein generally, DNA encoding the polypeptide is inserted mto a suitable 
expression vector which is in turn used to transform a host ceU to produce the heterologous protem. 

The term "secreted protein" refers to a protein having at least a portion which ,s 
extracellular and includes proteins which are completely extracellular (i.e., not attached to a cell) 
and proteins which are cytoplasmic membrane proteins. The cell can be a prokaryouc cell, e.g., 
bactcnal cell or the cell can be a eukaryotic cell. 

The term "signal peptide" refers to a stretch of amino acids mediating the attachment of a 
protein to the ER, such that the protein having a signal peptide is secreted or inserted into a cell 
membrane. 

The term "signal sequence" refers to a nucleotide sequence encoding a signal peptide. 

The term "sohible protein" refers to a secreted protein which is completely extracellular and 
which are not embedded in a cell membrane. 

As used herein, the term "transfection" means the introduction of a nucleic acid, e.g.. an 
expression vector, into a recipient cell by nucleic acid-mediated gene transfer. The term 
-uansduaion" is generally used herein when the transfection with a nucleic acid is by viral delivery 
of the nucleic acid. 
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"Transformation", as used herein, refers to a process in which a cell's genotype is changed 
as a result of the cellular uptake of exogenous DNA or RNA, and, for example, the transformed 
cell expresses a recombinant form of a polypeptide or, in the case of anti-sense expression from the 
transferred gene, the expression of a naturally-occurring form of the recombinant protein is 
disrupted. 

The term "translation system" refers to a cellular or cell-free translation system. The term 
"cellular translation system" refers to a translation system which is a permeabilized cell, as opposed 
to a "cell-free translation system", which refers to a cell extract or a reconstituted translation 
system. The term "reconstituted translation system" refers to a system consisting of purified 
translation factors, such as elongation factors. 

As used herein, the term "vector" refers to a nucleic acid molecule capable of transporting 
another nucleic acid to which it has been linked. One type of preferred vector is an episome, i.e., 
a nucleic acid capable of extra-chromosomal replication. Preferred vectors are those capable of 
autonomous replication and/or expression of nucleic acids to which they are linked. Vectors 
capable of directing the expression of genes to which they are operatively linked are referred to 
herein as "expression vectors". In general, expression vectors of utility in recombinant DNA 
techniques are often in the form of "plasmids" which refer generally to circular double stranded 
DNA loops which, in their vector forai are not bound to the chromosome. In the present 
specification, "plasmid" and "vector" are used interchangeably as the plasmid is the most commonly 
used fomi of vector. However, the invention is intended to include such other forms of expression 
vectors which serve equivalent fiinctions and which become known in the art subsequently hereto. 

Exemplary sources of and methods of obtaining. RNA 

In a preferred embodiment, a population of RNA molecules (RNA) is contacted with an in 
vitro translation system together, before, or after incubation with microsomes. The population of 
RNA molecules can be from a cell or a tissue. In a preferred embodiment, the RNA is from a 
eukaryote. In an even more preferred embodiment, the RNA is from a vertebrate, e.g., a mammal. 
In a yet even more preferred embodiment, the RNA is from a human. 

Preferred cells and tissues from which RNA can be extracted for use in the method of the 
invention include RNA from tissues which are known to secrete numerous proteins, e.g., exocrine 
or endocrine tissues. Preferred tissues include glands, exocrine glands, e.g., pancreas, salivary 
glands, submandibular gland, and others. Other preferred tissues include endocrine tissues, e.g., 
thyroid. 

RNA can be extracted from cells or tissues according to methods known in the art. In a 
preferred embodiment, RNA can be extracted from monolayers of mammalian cells grown in tissue 
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culture cells in suspension or.from mammalilan tissue that can readily be dispersed in single cells. 
RNA can be extracted from such soun^es by. e.g.,treating the ceUs >vith proteinase K in the presence 
of SDS. In another embodiment. RNA is extracted by organic solvents. In yet another 
embodiment, RNA is extracted by dififerential precipitation to separate high molecular weight RNA 
from other nucleic acids. RNA can also be extracted from a specific cellular compartment, e.g.. 
nucleus or the cytoplasm. In such methods, the nucleus is either isolated for purification of RNA 
therefrom, or the nucleus is discarded for purification of cytoplasmic RNA. Further details 
regarding these and other RNA extraction protocols are set forth, e.g., in Molecular Clomng A 
Laboratory Manual, 2nd Ed., ed. by Sambrook, Fritsch and Maniatis (Cold Spnng Harbor 

Laboratory Press: 1989). 

For instance. RNA can be extracted by a method using guanidium thiocyanate and 
purification of the RNA on a cesium chloride gradient. Accordingly, tissue or cells are lysed in the 
presence of guanidium thiocyanate and the cell lysate is loaded on a cushion of cesmm chlonde 
(CsCl) and centrifuged at high speed, such that the RNA is recovered in the pellet and the DNA .s 
left in the supernatant after the centrifiigation. The RNA can then be recovered by ethanol 
precipitation. This method is set forth in deuils. e.g., in Molecular Cloning A Laboratory Manual, 
2nd Ed ed by Sambrook, Fritsch and Maniatis (Cold Spring Harbor Uboratory Press: 1989). 

In order to prevent RNA from being degraded by nucleases, e.g., by RN Aases, that may be 
present, the extraction of RNA, and reactions involving RNA are perfomied in "RNAase free 
conditions". Various methods known in the art can be used to maintain RNAase free conditions. 
For example, during RNA extraction, potent denaturing agents, such as guanidium hydrochlonde 
and guanidium thiocyanate can be used to denature and thereby inactivate nucleases. Reducing 
agents, e.g., P-mercaptoethanol, can also be used to inactivate ribonucleases. This combination of 
agents is particularly useful when isolating RNA from tissues rich in ribonucleases, e.g.. pancreas 
(Chirgwin et al. ( 1 979) Biochemistry 1 8 :5294). 

Other reagents that can be added to a solution containing RNA to prevent degradation of 
the RNA inchide RNAase inhibitors, also referred to herein as "protein inhibitor of RNAases". e.g., 
RNasin® which can be obtained, from Promega Corp. (Madison. Wis.) (e.g.. Cat # N2514). 
Protein inhibitors of RNAases are preferably not included during extraction of RNA using potent 
denaturing agents (since these will also denature the protein inhibitor of RNAases). However, it 
is preferable to include such protein inhibitors of RNAases during RNA extraction using more 
gentle methods of cell lysis and RNAse inhibitors are preferably present at all stages dunng the 
subsequent purification of RNA. 

Yet another reagent that can be added to a solution containing RNA to prevent degradation 
of the RNA include vanadyl-ribonucleoside complexes. The complexes formed between the 
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oxovanadium IV ion and any of the four ribonucleosides are transition-state analogs that bind to 
many RNAases and inhibit their activity almost completely. The four vanadyl-ribonucleoside 
complexes are preferably added to intact cells and preferably used at a concentration of 1 0 mM 
during all stages or RNA extraction and purification. Yet in another embodiment, macaloid is used 
to absorb RNAases. 

Prior to contacting the RNA with a translation system and microsomes, the RNA can be 
partially purified. For example, the polyA" RNA can be isolated from total RNA by, e.g., oligodT 
affinity chromatography, according to methods known in the art. Use of poly A* RNA relative to 
total RNA may improve the translation efficiency in certain situations. 

In another embodiment, RNA or polyA"" RNA having a specific molecular size can be 
isolated. Thus, if one desires to isolate an RNA molecule encoding a small secreted protein, RNA 
molecules of small sizes can be isolated and incubated with a translation system and microsomes. 
For example, RNA of sizes of about or less than 1 kb, about 2 kb, about 3 kb, about 4 kb, about 
5 kb, about 6 kb, about 7 kb, about 8 kb, about 8 kb, about 9 kb or at least about 10 kb can be 
selected. RNA having a size between about 1 and 3 kb, between about 3 and 5 kb, or between 
about 5 and 10 kb can also be isolated. Size fi-actionation of RNA can be perfomied, e.g., by 
elcarophoresis through agarose gels. After the electrophoresis, the gels can be stained, e.g., with 
ethidium bromide, to visualize the RNA, and RNA having the desired size can be recovered firom 
the gel Ribosomal RNA of known size can be used as molecular weight standards. Gel 
electrophoresis is preferably carried out in the presence of an RNAase inhibitor, e.g., 
mcthylmercuric hydroxide. 

Another method that can be used to isolate RNA of a specific size is by centrifiigation 
ihrouuh a sucrose gradient, e.g., containing methylmercuric hydroxide. According to this method, 
an RNA solution is loaded onto a sucrose gradient (10-30% weight/volume) containing about 10 
mM mcthylmercuric hydroxide and centrifiiged, at 34,000rpm for about 15 hours. A gradient of 
RNA molecules, reflecting the size of the RNA molecules, will be formed in the tube after 
ccntrifucaiion. Fractions can then be collected and the RNA isolated, e.g., by ethanol precipitation. 

In another embodiment, the source of RNA fi-om which RNA molecules encoding proteins 
containing signal peptides are isolated, is obtained by in vitro transcription of template DNA. For 
example, the RNA can be synthesized in vitro from a DNA library, e.g., cDNA library. 
Alienuiively, the RNA can be synthesized fi-om another source of DNA, e.g., genomic DNA. In 
a preferred emboctiment of the invention, the DNA to be in vitro transcribed is operably linked to, 
and is located downstream of, an RNA polymerase promoter, e.g., a bacteriophage promoter, such 
as SP6, T3 or T7 promoter. In one embodiment, the DNA to be transcribed is cloned in a cDN A 
library at a site located dov^stream of a bacteriophage promoter and transcription is carried out 
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from the library itself, resulting in a library of RNA molecules. If the DNA to be transcribed is in 
a vertor which does not contain a bacteriophage promoter, the cDNA inserts can first be excised 
from the vector and cloned in another vector from which the inserts can be in vitro transcribed 

Many vectors for in vitro transcription are available commercially. These may contain one 
or more of the promoters SP6. T3 and T7 and may additionally contain a polyA sequence at the 3' 
end of the polylinker in which the DNA of interest is inserted. A "polylinker" refers to a nucleotide 
sequence containing several restriction enzyme recognition sites. Examples of vectors include the 
series of SP6 vectors, e.g,. SP64 (Krieg and Melton, infra), BlueScript, and pCS2+. Vectors that 
can be used for in vitro transcription are also described, e.g., in U.S. Patent No. 4,766,072. 

An in vitro transcription reaction can be carried out according to methods well known in 
the art. Kits for performing in vitro transcription kits are also commercially available from several 
manufacturers. In an illustrative embodiment, an in vitro transcription reaction is carried out as 
follows. A vector containing an RNA Polymerase promoter and an insert of imerest is preferably 
first Hnearized downstream of the insert, by e.g., restriction digest with an appropriate restriction 
enzyme. The linearized DNA is then incubated for about 1 hour at 37 or 40°C (depending on the " 
RNA polymerase) in the presence of ribonucleotides, an RNAase inhibitor, an RNA polymerase 
recognizing the promoter that is operably linked upstream of the insert to be transcribed, and an 
appropriate buffer containing Tris.CI, MgCl,, spermidine and NaCI Following the trans'cription 
reaction, RNAase free DNAse can be added to remove the DNA template and the RNA can be 
purified by , e.g., a phenol-chlorophorai extraction. Usually about 5-10 ng of RNA can be obtained 
per microgram of template DNA. Further details regarding this protocol are set forth eg in 
Molecular Cloning A Laboratory Manual, 2nd Ed., ed. by Sambrook, Fritsch and Maniatis (Cold 
Spring Harbor Laboratory Press: 1989). 

In another embodiment, the RNA is "capped" prior to contacting it with an in vitro 
translation system. In certain situations, efficient translation of eukaryotic RNA requires that the 
5- end of an RNA molecule is "capped", i.e., that the 5' nucleotide at the 5' end of the RNA has a 
5'-5' linkage with a 7-methylguanylate C7-methyl G") residue. The presence of a 7-methyl G on 
an RNA molecule in a 5--5' linkage is referred to as a "cap". It has been proposed that recognition 
of the translational start site in mRNA by the eukaryotic ribosomes involves recognition of the cap. 
followed by binding to specific sequences surrounding the initiation codon on the RNA.' 
Accordingly, it is possible that in certain embodimems of the invention, capping of the RNA 
extraaed from a ceD or tissue or synthesized in vitro prior to contacting the RNA with an in vitro 
translation system improves the translarion efficiency of the RNA and thus the amount of RNA 
eventually recovered from the microsomes. Thus, in one embodiment, the RNA is contacted with 
methyl-7 (5')PPP(5')guanylate (available, e.g., from Boehringer Mannheim Biochemicals) in the 
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presence of an in vitro transcription reaction mixture, to obtain capped RNA. In the case of /w vitro 
transcribed RNA, capping is preferably carried out during in vitro transcription, but can also be 
carried out during in vitro translation by, e.g., addition of a cap analog (GpppG or a methylated 
derivative thereof). Cap analogs and protocols pertaining to their use are commercially available, 
e g, in in vitro transcription and/or translation kits. 

The RNA for use in the invention preferably comprises most of the 5' end, at least enough 
of the 5' end of the RNA to contain a sufficiently long stretch of the signal sequence to encode a 
signal peptide that is sufficiently long to be capable of interacting with an SRP. 

Fxemplarv translation svstems 

In order for RNA encoding proteins having a signal peptide to become attached to the ER 
or to microsomes, the RNA must be in the process of being translated. In fact, RNA sequence 
encoding the signal peptide must be essentially fully translated to allow attachment of the signal 
peptide to the SRP complex, which can then interact with an SRP receptor located on the outer 
surface of the rough ER or rough microsomes. Translation systems may be cellular or cell-free, and 
may be prokaryotic or eukaryotic cellular translation systems. Cellular translation systems, as used 
herein, refer to permeabilized cells. Cell-free translation systems, also referred to as "in vitro 
translation systems", refer to cell extracts and reconstituted systems. 

In a preferred embodiment, the translation system is an in vitro translation system. A ^ 
variety of in vitro translation systems are well known in the art and include commercially available 
kits. Examples of in vitro translation systems include eukaryotic lysates, such as rabbit reticulocyte 

lysates, rabbit oocyte lysates, human cell lysates, insect cell lysates and wheat germ extracts. 

Lysates are commercially available from manufacturers such as Promega Corp., Madison, Wis.; 

Stratagene, U JoUa, Calif; Amersham, Arlington Heights, 111.; and GIBCO/BRL, Grand Island, 

N.Y. In vitro translation systems typically comprise macromolecules, such as enzymes, translation, 

initiation and elongation factors, chemical reagents, and ribosomes. 

Mixtures of purified translation factors, as well as combinations of lysates or lysates 

supplemented wth purified translation factors such as initiation factor-1 (IF-1), IF-2, IF-3 (alpha 

or beta), elongation factor T (EF-Tu) or termination factors can also be used for translation of 

RNA. 

Translations in cell-free systems generally require incubation of the ingredients for a period 
of time sufficient to allow translation of mRNA into a polypeptide of sufficient length to enable the 
polypeptide to interact with a SRP complex. Incubation times may range from about 5 minutes to 
many hours, but is preferably between about thirty minutes to about five hours and more preferably 
between about one to about three hours. Incubation times vary significantly with the volume of the 
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translation mix and the temperature of the incubation. Incubation temperatures can be between 
about 4X to about 60X, and are preferably between about 15°C to about 50»C, and more 
preferably between about 25»C to about 45»C and even more preferably at about 250C or about 
37°C Translation mixes will typically comprise buffers such as Tris-HCl. Hepes or another 
suitable buffering agent to maintain the pH of the solution between about 6 to 8. and preferably at 
about 7 Other reagents which may be included in the translation system include dithiothreitol 
(DID or 2.mercaptoethanol as reducing agents. RNasin to inhibit RNA breakdown, and nucleoside 
triphosphates or creatine phosphate and creatine kinase to provide chemical energy for the 
translation process. Preferred translation systems and translation conditions are further described 

herein. n a 

Translation may also be performed in a continuous manner wherein reagents are flowed mto 
the system and nascent proteins removed or left to accumulate using a continuous flow system (A. 
S. Spirin et al.. Science 242:1162-64, 1988). This process may be desirable for large scale 
production of nascent proteins. 

In an illustrative embodiment, the in v/rro translation system is a reticulocyte lysate, which 
is available commercially or can be prepared, e.g., according to methods known in the art and 
briefly oudined below. Commercially available reticulocyte lysates are available from, for examp^, 
New England Nuclear and Promega Corp. (Madison, Wis.) (Cat. # L4960, L4970. and L4980)^ 
m another embodiment, the in yitro translation system is a wheat germ translation system. Such 
a system is also available commercially or can be prepared according to methods known m the art. 
Commercially avaUable wheat genn extracts can be obtained, e.g., from Promega Corp. (Madison, 
Wis ) (e g Cat # L4370). In yet another preferred embodiment, the in vitro translation system is • 
a mixture'of a reticulocyte lysate and a wheat germ extract. Such a mixture can be obtamed 
commercially, e.g., from Promega Corp. (Madison, Wis.) (e.g.. Cat.# L4340). Other .itro 
translation systems that can be used according to the method of the invention include Eschench^a 
CO// extracts, insect cell extraas and fi-og oocytes extracts. . 

To further illustrate, in vitro translation systems can be prepared by several methods. For 
example, a rabbit reticulocyte lysate can be prepared as follows. Rabbits are rendered anemic by 
inoculation with acetylphenylhydrazine. About 7 days later, the rabbits are bleeded and the blood 
is coUected and mbced with an ice cold salt solution containing NaCl, Mg acetate, KCl, and hepann. 
The blood is then filtered through a cheesecloth, centrifuged, and the buffy coat of white cells is 
removed. The pellet consisting of erythrocytes and reticulocytes is then washed with the salt 
solution, prior to being lyzed by the addition of an equalvolume of cold water. Endogenous RNAs 
are degraded by treating the lysate with micrococcal nuclease and calcium ions (necessary for the 
activity of the enzyme) and the reaction stopped by the addition of EGTA, which chelates the CaCl, 
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and thereby inactivate the nuclease. Hemin is usually added to the lysate (at a concentration of 
about 20-80 nM) , since it is a powerful! suppressor of an inhibitor of the initiation factor eIF-2. 
The lysates can farther be optimized by the addition of an energy generating system, consisting of 
phosphocreatine kinase and phosphocreatine. The lysates can then be aliquoted and stored at -70**C 
or in liquid nitrogen. Further details regarding this protocol are set. forth, e.g., in Molecular 
Cloning A Laboratory Manual, 2nd Ed., ed. by Sambrook, Fritsch and Maniatis (Cold Spring 
Harbor Laboratory Press: 1989). 

A wheat germ exu^a can be prepared, e.g., by the method described by Roberts, B. E. and 
Paterson, B. M. (1973), Proc. Natl Acad. Sci. USA Vol. 70, No. 8, pp. 2330-2334), which 
optionally can be modified according to Anderson, C. W., et al. (1983, Meth. Enzymol. Vol.101, 
p. 635). This protocol can farther be modified according to the manufacturing protocol L418, 
Promega Corp. Madison, Wis. Generally, wheat germ extract is prepared by grinding wheat germ 
in an extraction buffer, followed by centrifagation to remove cell debris. The supernatant is then 
separated by chromatography fi-om endogenous amino acids and plant pigments that are inhibitory 
to translation. The extract is also treated with micrococcal nuclease to destroy endogenous mRNA, 
to reduce background translation to a minimum. The extract contains the cellular components 
necessary for protein synthesis, such as tRNA, rRNA and initiation, elongation, and termination 
factors. The extract can farther be optimized by the addition of an energy generating system 
consisting of phosphocreatine kinase and phosphocreatine, and magnesium acetate is added at a 
level recommended for the translation of most mRNA species. The final magnesium concentration 
for standard wheat germ extract, is typically in the range of about 6.0 to 7.5 mM. 

A wheat germ cell in vitro translation system can also be prepared as follows. Wheat germ 
embryo extracts are floated to enrich for embryos using a mixture of cyclohexane and carbon 
tetrachloride (1:6), followed by drying overnight (about 14 hours). Floated wheat germ embryos 
(5 g) are then grounded in a mortar with 5 grams of powdered glass to obtain a fine powder. 
Extraction medium (Buffer 1:10 mM trisacetate buffer, pH 7.6, 1 nM magnesium acetate, 90 mM 
potassium acetate, and 1 mM DTT) is be added to small portions until a smooth paste is obtained. 
The homogenate containing disrupted embryos and 25 ml of extraction medium is centrifaged twice 
at 23,000 X g. The extract is applied to a Sephadex G-25 fine column and eluted in Buffer II (10 
mM trisacetate buffer, pH 7.6, 3 mM magnesium acetate, 50 mM potassium acetate, and 1 mM 
DTT). A bright yellow band migrating in void volume is collected (S-23) in one ml fractions and 
frozen in liquid nitrogen for conservation prior to use in in vitro translation reactions. 

An in vitro translation reaction using a reticulocyte lysate can be carried out as follows. Ten 
^il of a reticulocyte lysate, e.g., prepared as set forth above or a commercial lysate, is mixed with 
spermidine, creatine phosphate, amino acids, HEPES buffer (pH 7.4), Kcl, magnesium acetate and 
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RNA«.beua^a..dandi^ba«dfora„app.pria.eto=,e.g..o„ehour,a.30X. Th=op.i,num 
a„«>unt otmagresiu. ace.a,e for ob^ining cffioien, UansUuon will vary fto-n one rea^locyte 

oT^agnesiu™ accu.e va^g ^ 0-, The op.i™a, co— of KC, ca. a.. ^ 

depending on .he specif, reacno.. Fo. example. 70 ^ KC, .s usually o^^ 
uanslauon of capped RK As and 40 ™M is usually optoal for .nnslation of uncapped RNAs. To 
proces. one can add one or more an.no acids as ra .oacve a^no^ads 
e g »S n,=*ionine (toher described below). In to case, .be ,ransla.,on p^cess can b 
monitored by precipiMing .be proteins in U,e lysa.e, e g.. TCA precipl«.ing and counung rt^ 
rin. of ri ac.ivi.y presen. in .be predpiu,e Tbe .ranslauon produos can also e anal^ 
by in^oprecipiubon and/or SDS-polyacrylamide gel elecuopboresis. Fur.ber d«. 
.his proroco, are se, for.^ e g., in Molecular Cloning A Laboratory M^a^ 2nd Ed., ed. by 
Sambrook, Fftsch and Maniaus (Cold Spnng Harbor Laborarory Press^ 1989^ 

Translations in wbeat gem. extracts can be performed as descnbed, e.g., rn Enckson rmd 
B,obe,(,9S3)MetbodsEr^l.%:3S.TMspro.ocol can alsobe modified, .g^^ y^^^^^^^^ 
5 final ion concentrabons at 2.6 nM magnesium and .40 mM potasrum and .be pH a. 7.5 « 
describedurUS. Pat No. 4.983.521). hapreferred embodimem, reaction m«<ures are mr^ba.^ 
!u4»C for 60 ■ninu.s. Translauons in wbeat genu extracts can also be perfonned accordmg .0 
the protocol set forth in U.S. Patent No. 5,492,817. 

TransUbon r^oions can be optimized b, Ute addition of .ons and/or otber reagents. F r 
,0 ^le mag„esiumisla,owntobeimpo,,amforoptin«ng.«.dauon,asitenhan^sU,esub,l^^ 
Zembledlsomesandtocbonsintbe.bindingtogetberduHngtrans,at.on. Magnes.mal. 
appears .o play a role in facilitating polymera. bindmg. Potassium ,s rmportant as we» for 

the concentration of potassium ions does not need to be altered beyond 
" """"ar^ma^e^areprese^.tbesundardrabbitlysateandareprovidedinp^ 

by tbe lysate Use^ and in par. by tbe addUion of exogenous pot^srum and — - 
ma^co„centranonshouldbeadiust«ltowithinaratherm.ow optmral range, ,. .s prefen-ed 
iallysaten^levelsbemeasured directly .brougb.beuseofamagnes,umassay,pnor 

30 to .be addiuon of extra magnesium, so tha. the amount of magnesium m a reacuon can e 
standardizedfiomonebatch of lysateto U,e next Tbe Lancer -Magnesium Rap,d StatD^gnost. 
Kit- (Oxford Ub ware Divisiorv Sherw»^ M^cal Co., St. Uuis. Mo ), is one ^ch assay whrch 
can accurate^ measure the magnesium levels ,n biological fiuid. Once the ma^aestum ,on 
conce^rabon for a grven ba.ch of lysau is known tben additional magnesiun. for mstance m .be 
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form of a concentrated magnesium salt solution, can be added in a known manner to bring the 
magnesium concentration of the lysate to within the optimal range, or, in the case of a modified 
lysate preparation to be used as one-half of a reaction mixture, to within twice the optimal range. 
Magnesium concentration can be adjusted by using, e.g., a concentrated solution of magnesium 

chloride or magnesium acetate. 

One common addition to translation reactions is an amount of a polyamine sufficient to 
stimulate the efficiency of chain elongation. For example, spermidine can be added to a reticulocyte 
lysate translation reaction to a final concentration of about 0.2 mM. Spermidine is also preferably 
added to wheat germ extracts, preferably at a concentration of about 0.9 mM. Since the presence 
of polyamines are known to lower the effective magnesium concentration for translation reactions, 
the presence of spermidine in translation reactions should be taken into consideration when 
determining the appropriate concentration of magnesium to use. 

In another embodiment, dithiothreitol (DTT) is added to the translation mixture. DTT is 
preferably added to a final concentration of about 1.45 mM in reticulocyte lysates and at 5.1 mM - 

in wheat germ extracts. 

Translation systems can also be supplemented with certain factors, e.g., tRNA molecules. 
Such molecules are commercially available, e.g., from a number of sources and can be prepared 
using well-known methods from sources including Escherichia coli, yeast, calf liver and wheat 
germ cells (Sigma Chemical; St. Louis, Mo., Promega Corp.; Madison, Wis.; Boehringer Mamiheim 
Biochemicals; Indianapolis, Ind.). Their isolation and purification mainly involves cell-lysis, phenol 
extraction followed by chromatography on DEAE-cellulose. Amino-acid specific tRNA, for 
example tRNA<fMet> , can be isolated by expression from cloned genes and overexpressed in host 
cells and separated from total tRNA by techniques such as preparative polyacrylamide gel 
electrophoresis followed by band excision and elution in high yield and purity (Seong and 
RajBhandary, Proc. Natl. Acad. Sci. USA 84:334-338, 1987). 

Translation efficiency can also be improved, e.g., by adding RNAase inhibitors, e.g., 
RNasin® or heparin to the translation reaction. RNasin® can be obtained, e.g., from Promega 
Corp. (Madison, Wis.) (e.g., Cat # N25 14). In a preferred embodiment about 40 units of RNasin® 
are added to a 50 \i\ reaction. Although the addition of RNAase inhibitors in reticulocyte lysates 
is not crucial, translation in a wheat germ extract is reduced if no RNAase inhibitor is added. 

The translation reaction is preferably carried out from about 30 minutes to about 120 
minutes prior to the addition of microsomes or in the presence of microsomes, such that a sufficient 
amount of the signal peptide has been translated to allow its binding to the SRP on the microsomes. 
The optimum time of translation can be determined, e.g.. by labeling the RNA, e.g., by in vitro 
transcribing RNA in the presence of a labeled, e.g.. radioactively labeled ribonucleotide, contacting 
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^Ubei«JW.A™* an *»>^«™^a.,on system, and measunngtheamoumoflaWassocU^^ 
t:!! mico^mes over .Une. The op». ™e is ™= « "^i* .h= — -.n. of 
bbel thus RNA, is associated with the microsomes. 

,„ a preferred embodiment, the testation process, it^hrding the movement of *e 
„.osomesonLRNAmo.ecu,es.isi*«tedatanappropriate.imeb,theaddinonofan,^^^^^^ 

0 Lution. e g.. cycloheximid. Accordingly, in one embodiment, cydohex,m,de ,s added « a 
::^ZJ.:o^ , the transition reaction wWch cont^s or o« n« ^«a, 

„icrosomes.Mr,e.g,Mga.e.g.a.aco..e„tra«onof5mM can also be added to m.nta.nthe 

^A.80s rtbosome-nascen. P»;-««- ^ „ , 3m.n0 
TranslationofinRNAmanvitrosysteincanbefollowe(l,e.g.,Dyi b 

..ain,he.rans.a,ionreac.on.andusingana„^acidn^.edep,etedinUns.^^ 
A preferred labeled amino add is a radioactively labeled ammo aad. e g S me.h,onm^^ 
Ite^lely, a labeled non-radioactive amino acid can be incorporated ,nto .be nas^ 
id= for -".P'e. '"c — — - - — = misammoacyUted tRNA . 
criW in U S. PaLt NO. 5.643.722. Accordingly, a non-radioacve marlcer,^ 
.„ a tRNA molecule and this tRNA is added to the translauon system. The 
ZZ^^ ™-r mto .he nascent polypeptide and polypepd^ 
r ^ ™ he detected using a detecdonmefl-od appropriate for .be specfic marker. 

^a-;de.ec«blean.oa«danalogs«add«ec.blean„noacidde„vadve.^^^^^^^ 
detectable moieUes may be ferromagnetic, paramagneuc, d,amagnet,c, lummescen, 

It!^ en^lummescen, fluores«n.. phosphorescent or chromatic. Huorescen. mo,et,es wh,c 
rr^^rmarlcers include dansyl fluoropbores. coumaHns and coumaHn deHvauves. «uorescen^ 

::Lummoie.esandbe„.opyrenebased„uorophores.PreferabMb=fluo— 

a high quantum yield of fluorescence at a wavelength different from nauve am,no aads. Upon 
ll'nataprLec.edwavele„gd.d,emarkerisdetectableatlowconcentrat,o„se,.berv.^^^^ 

rX convlonal fluore^ence derection methods. Electrochemiluminescent markers such a^ 
:Z:cbeU.esandi.sde,ivat.esormtr„.deaminoacidsand.eirdeH^^^^^ 
when extreme sensiuvity is desired (J. DiCesare et al., B,oTechn.,ues 15.152-59. 19 3)^ Th« 
markers are detectable at the fentomolar ranges and below. Bion^ streptavtdm and denvau^s 
„ ::lTcana,sol«usedtolabelan.noadds. Tl^se a.^ other markers for ,ab..g ammo acds for 
detection ofnascent polypeptides are disclosed in U.S. Patent No. 5.643.722. 

t another emUlen. of *e inven.io. the ,„ W,ro .ranscrtpdon and ,rans,a.,on reac ,o„ 
.e performed — usly. This can be done. .g. by us,ng —^^^^^^^^ 
Jas ^ coupled Transcription^ransUtion System of Promega Corp (Mad,son. W,s.) (Cat 
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L4600, 4610, and 4950). Coupled transcription and translation systems using RNA polymerases 
and eukaryotic lysates are further described in U.S. Patent No. 5,324,637. 

Cell-based translation systems, e.g., permeabilized cells, can be prepared as follows. Cells 
can be permeabilized by incubation for a short period of time in a solution containing low 
concentrations of detergents in a hypotonic media. Useful detergents include Nonidet-P 40 (NP40), 
Triton X-100 (TX-lOO) or deoxycholate at concentrations of about 0.01 nM to 1 0 mM, preferably 
between about 0, 1 mu M to about 0.01 mM, and more preferably about 1 \i M. Such systems can 
be formed from intact cells in culture such as bacterial cells, primary cells, immortalized cell lines, 
human cells or mixed cell populations. 

Rxemplarv E R preparations 

In preferred embodiments, the ER preparations used to generate the subject reaction 
systems are microsomal preparations. Microsomes can be added to the in vitro translation system 
at the same time as the RNA, such that the RNA becomes attached to the microsomes as soon as 
the length of the growing peptidic chain is sufficient for allowing attachment of the signal peptide 
to the SRP. Alternatively, translation can be carried out for a specific amount of time and the 
microsomes can then be added to the translation reaction. Optionally, inhibitors of translation can 
be added at an appropriate time to the reaction. In one embodiment, the RNA is contacted with 
an in vitro translation system for about 30-120 minutes prior to the addition of microsomes. As 
set forth above, the optimum amount of time for incubation of the RNA with an in vitro translation 
system can be determined, e.g., by performing small scale assays in which the RNA is labeled, 
translated for various amounts of time, contacted with microsomes, and the amount of labeled RNA 
attached to the microsomes is determined. 

Microsomes are conmiercially available. For example, canine pancreatic microsomal 
membranes are available from Promega Corp. (Madison, Wis.) (Cat. # Y4041). Microsomes for 
use in the invention, can also be prepared according to methods known in the art, e.g., as described 
in Walter and Blobel (1983) Methods Enzymol. 96:682), or a modification thereof, as described 
in U.S. Patent No. 4,983,521 . Briefly, a cell or tissue can be homogenized, subjected to low speed 
centrifugation to pellet nuclei, mitochondria, and cell debris, leaving the microsomes (rough and 
smooth) in suspension. The supernatant can then be subjected to a sucrose density gradient, which 
after centrifugation to equilibrium results in the separation of the rough and smooth microsomes 
due to their different densities. Rough microsomes are denser and can be recovered as a lower band 
in the sucrose gradient compared to the smooth microsomes. Endogenous RNA attached to the 
microsomes can be detached from the microsomes, by, e.g., incubating the microsomes with an 
RNAse. Alternatively, the RNA can be removed from the microsomes by incubation of the 
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microsomes in a high sah solauon. In another en*odin,cn,. the microsones are prepared by 

reconstitution. . . t>xi a ^u^* ;c .it 

Microsomes can be added to a translation system or a solnuon contammg RNA that .s at 
ieastparnanytt-atedataconcentranonoffron, about ,.2toabont5 A280U/ml. M,c»somes 
are preferably added at a concentration ofabout 3, 4. or 5 A280Utal. 

,„ a specific embodiment, the invention provides for isolatton and clontng of an RNA 
molecnle isolated from microsomes that are isolated from a specific eel, or nssue sample. For 
exampl. microsomes ar. prepared from a specific cd, or tis^e samp.. e.g, by '"■"o^— 
of the eel, or tissue, low speed cemHfcgation and centrifirgauon of the supernatant contatmng * 
^erosomesinasucrose density gradie«.as«.rtherdeseHbedh.™n The r^^mtcrosomesare 

then isolated ftom the gradient and one or more RNA mo,ecules are isolated therefrom 

I n. Hi in I f nii-n-m-" i^dm^^^MA^om-a. 

F„„o»ing ilbation of RNA an /» W« translation system, and mtcrosomes or. 

approp^te amount of time to generate at least parti^ly translated RNA molecules as^cted »,th 

microsomes, the microsomes are isolated from the reaction m«mre. 

,„ one embodiment, the microsomes are isolated from ,h. mixture contammg the 

microsomes the RNA, and d« uanslation reaction by subjecting the reaction mi«ure to a sucrose 

"^fTlfUgatio. such that the microsomes and tl. RNA assocated there» 
W so'mes^NA complexes) fonn aband. whereas the free Hhcsomes and other eleme,^ of ^ 
cacon mixture are pelleted. The band containing the microsomesmNA complexes, wtac ^so 
comam the polypeptide attached thereto, is isoUted from the cen,„fugat.on tube. Thus. ^ 
L,on»«conItheRNAassociated™thmicrosomes.i.e..RNAcontaimngas,gn.s^^^^^^ 

The RNA ^.sociated ™th the miaosomes can be isolated by varrous metht^s. In a 

prcfeaed en^odimen. the isoUted (bound) polysomes are disnapted by removal of Mg J^. by 
dihn.o.vvtachelanngag«.tsorthw^.hedest™ction of p^teins by any number of methods, eg.. 

proteases, chlorophom and/or phenol or any other agent for isolatmg RNA 

Ahematively, Ute tibosomes can be firs, separated from tf,e endoplasmtc membrane. ..g 
bv the addition of a detergent. Ribosomes can also be released from the memb^s by nte^ods 
, do not use detergent, as described, e.^. in Hamson et si. <,974) Eur. B.°*e-4'-^'3^ 

The RNA can then be separated ftom the ribosomes. e.g., by using at leas, one protease or by 

""°™iC:lrrf^:e„cod.gp,o..nsha.nga.gnalpeptidecanbeenrichedinR.A 
^codingproteins having specific characteristics. Accordingly, the polyribosomes, whtch co«am 
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RNA and the growing peptidic chain, are separated from the microsomal membranes and screened 
for polypeptides having a specific activity prior to isolation of the RNA. In this embodiment it is 
preferred that translation be continued for a longer time, such that longer peptidic chains are 
synthesized. It is also preferable in this embodiment to use an agent that cause the 
polynbosome^A/poljT>eptide to separate from the ER membrane without significantly affecting 
the polypeptide or the RNA molecules of the complex. The ER membrane can also be dissolved 
For example, mild deteigents, e.g., m,n ionic detergents can be used. In an illustrative embodiment 
the polyribosomes isolated from microsomes, can be screened for their capacity to interact with a 
spec:fic molecule, e.g., a receptor. This can be achieved, e.g.. by contaaing the polyribosomes with 
a soluble or membrane bound receptor and isolating the polyribosomes which interact with the 
receptor. The RNA from these polyribosomes, which encode the polypeptide having the specific 
activity screened for, can then be extracted. 

The nascent polypeptidic chain attached to the polyribosome can also be screened for 
.nteracfon with surface antigens, toxins, organic polymers, antibodies, metabohtes. hormones and 
act,ve sues of protein molecules. As set forth above, a compound can be linked to a solid surface 
A sohd surface can be. e.g.. a membrane, beads, e.g., magnetic beads, a column or the surface of 
a plate. The coupling chemistries to link a compound to a specific surface will depend on the 
compound andthe specific suifece. For example, many proteins and nucleic acids can be attached 
to membranes and e.g.. cross-linked to the membi^e. In preferred embodiments, bovine serum 
albumin (BSA). gelatin, casein, nonfat milk or other proteinous material is typically added in excess 
to bind up any "free" surface sites prior to contacting with the polyribosomes. This preabsorption 
step IS hkely to lead to much greater binding specificity of the polysomes to the compound of 
mterest. The binding of polysomes to substances of interest may be performed in the presence of 
MgCl, (preferably 5 mM) and/or RNAse inhibitors. In addition, specific incubation parameters 
such as low or high temperature, high or low salt, or different pHs, may be used to identify peptide^ 
which bind conditionally. i.e., depending on their environment. Incubation times may depend on 
the concentration of the bound compound of interest and on the nature of the compound of interest 
After allowing the polysomes to bind to the substance of interest, non-binding polysomes 
can be removed, e.g.. by washings. The wash preferably contains MgCl, and optionally gelatin, 
BSA. or other proteinous material to reduce non-specific binding. The RNA from the selected 
polysomes can then be extracted as described above and used, e.g., for preparing a library of nucleic 
acids. 

In some embodiment, binding of polyribosomes to whole cells or cell extracts is also 
considered. The polyribosomes can also be screened for a specific biological activity e g an 
enzymatic activity. In this embodiment, the polyribosomes isolated from the microsomes ca^ be 
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grouped into pools, which are screened for a specific function, e.g., nuclease or protease activity. 
Once a positive pool has been identified, the RNA can be extracted, optionally amplied, e.g, by RT- 
PCR, resubjected to in vitro transcription/translation in the presence of microsomes, and rescreened 
for the particular biological activity of interest. Biological activities of interest also include 
stimulation or inhibition of cell proliferation, differentiation, and induction of cell death. 

Cloning of RNA molecules isolated fi-om microsomes and/or preparation of a library 

In one embodiment of the invention, at least one single stranded DNA molecule is 
synthesized firom at least one RNA molecule isolated from the microsomes. 

A first strand DNA can be synthesized from RNA by various methods known in the art. In 
a preferred embodiment of the invention, a first cDNA strand is synthesized by reverse transcription 
using a reverse transcriptase and a primer, e.g., an oligodT primer. 

In a preferred embodiment of the invention, the single stranded DNA molecule is converted 
into a double stranded cDNA molecule. A second cDNA strand can be synthesized according to 
various methods known in the art. In a preferred embodiment, the second cDNA strand is 
synthesized by Okayama and Berg method modified by Gubler and Hofl&nan, in which the product 
of the first strand synthesis, a cDNA-mRNA hybrid, is used as a template for a nick-translation 
reaction using RNAase H and a polymerase. According to the method, RN Aase H produces nicks 
and gaps in the mRNA strand of the hybrid, creating a series of RNA primers that are used by E. 
coli DNA polymerase I during the synthesis of the second strand of cDNA. 

In another embodiment, the second strand is synthesized by self-priming. Accordingly, the 
cDN A-mRNA hybrid is denatured by boiling or the RNA is hydrolyzed by NaOH and the second 
strand is primed by the 3' end of the first cDNA strand which forms a hairpin loop. The second 
strand is then extended from the self-primer by using, e.g., Klenow fragment of £. coli DNA 
Polymerase 1. The hairpin loop can then be eliminated by, e.g., digestion with nuclease SI, which 
degrades single stranded DNA. 

In yet another method of the invention, the second strand is synthesized as follows. After 
completion of the first strand synthesis, terminal transferase is used to add homopolymeric tails of 
C residues to the free 3' OH end. This tail is then hybridized to oligodG, which serves as a primer 
for synthesis of a fiilHength second strand of cDNA. 

All of the above methods and others for synthesizing a first and second cDNA strand are 
described in detml, e.g., in Molecular Cloning A Laboratory Manual, 2nd Ed., ed. by Sambrook, 
Fritsch and Maniatis (Cold Spring Harbor Laboratory Press: 1989). 
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In a preferred method of the invention, the single or double stranded cDNA is inserted into 
a vector or a plasmid. In an even more preferred embodimem, a population of cDNAs is cloned in 
a vector to form a library, e.g., a cDNA library. 

The first and second strand of cDNA molecules and preparation of a cDNA library can also 
be constructed using commercially available kits, e.g., the Superscript Plasmid System for cDNA 
5 synthesis and Plasmid Cloning Kit (Life Technologies, Gaithersburg, MD). 

Yet other methods for cloning the isolated RNA molecule(s) include techniques based on 
polymerase chain reaction (PCR). For example, the RNA molecules can be reverse transcribed into 
a first strand DNA, a second strand is synthesized and the DNA is then used in a PCR reaction. 
Oligonucleotides can be linked to both end? of the DNA prior to amplification with primers 

1 0 hybridiang to these oligonucleotides: One can also use the amplifed DNA for fiirther enrichment 
in DNA sequences encoding proteins containing a signal peptide. For example, the DNA 
population can be cloned into a vector, the DNA is transcribed into RNA, in vitro translated and 
contacted with microsomes and the RNA associated with the microsomes is isolated. 

In one embodiment, the nucleotide sequence of individual clones of the library is 

1 5 determined, to identify secreted proteins. The nucleotide sequence of the isolated nucleic acid and 
the protein encoded thereby can be compared to the nucleotide and amino acid sequences present 
in GenBank to determine if the nucleic acid and/or protein is homologous to known nucleic acids 
and proteins. In vitro assays can then be used to determine whether the protein cloned is a 
secreted protein or a protein associated with a cellular membrane. For example, a nucleic acid 

20 encoding a "TAG", e.g., myc tag or a tag consisting of a 1 6 amino acid portion of the Haemophilus 
mflucnza hemagglutinin protein (Cross et al. (1984) Mol. Cell. Biol. 4:1 834), can be linked to the 
nucleic acid of interest, the nucleic acid and the tag can be inserted into an expression vector, 
transfcctcd into host cells and the location of the "TAG" is then detennined using a reagent that 
specifically detects the "TAG". Other useful epitope tags include myc-epitopes (e.g., see Ellison 

25 ctal (I991)JB/o/C/»g/n266:21150-21157)whichincludesa 10-residuesequencefi^omc-myc, 
as well as the pFLAG system (International Biotechnologies. Inc.) or the pEZZ-protein A system 
(Pharanucia, NJ) The reagent can be an anubody, e.g., Ab 12CA5, which specifically interacts with 
the H. mflucnza TAG peptide and can be obtained, e.g., fi-om Babco, Richmond CA. The location 
of the tagged protein can be determined, e.g., by monitoring the presence of the TAG in the 

30 supernatant, such as by immunoprecipitations using the supernatant of the transfected cells. The 
presence of the protdn in the supernatant of the cell culture will be indicative that the protein is in 
faa a secreted protein. If the protein is not a secreted protein, the cellular location of the protein 
can be detennined by performing immunohistochemistry experiments using a reagent binding 
specifically to the TAG, e.g., an antibody. These assays will indicate whether the cloned nucleic 
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host cells, stability elements suoh as centromeres which provide mitotic stability to the plasmid, and 
sequences which provide sites for cleavage by restriction endonucleases. The characteristics of 
the actual expression vector used must be compatible with the host cell which is to be employed. 
For example, when cloning in a mammalian cell system, the expression vector should contain 
promoters isolated from the genome of mammalian cells, (e.g., mouse metallothionien promoter), 
or from viruses that grow in these ceUs (e.g., vaccinia virus 7.5K promoter). An expression vector 
as contemplated by the present invention is at least capable of directing the replication, and 
preferably the expression, of the DNA sequences of the present invention. Suitable origins of 
replication include, for example, a yeast ARS elemem, a COLEl on element, and an SV40 ori 
element. Suitable promoters include, for example, the yeast GALl promoter, the synthetic bacterial 
Tac promoter, the SV40 early promoter and the baculovirus AcNPV polyhedrin promoter. Suitable 
termination sequences include, for example, the yeast cycl terminator, the bacterial rmB terminator, 
and the SV40 3' poIyA' signal segment. As selectable markers, kanamycin resistance, uracil 
(URA3) marker and neomycin resistance can be employed. All of these materials are known in the 
art and are commercially available. 

Preferred expression vectors contain a "TAG" sequence located either upstream or 
downstream of the restriction ates for inserting the DNA of interest, such that the DNA of interest 
is expressed as a TAG fusion protein. The presence of a TAG on a protein facilitates detection and 
purification of the protein. In one embodiment, the TAG is a myc tag. In another embodiment, the 
TAG is a hexahistidine tag, which binds with high affinity to nickel. 

Suitable expression vectors containing the desired coding and control sequences may be 
constructed using standard recombinant DNA techniques known in the art. many of which are 
described in Molecular Cloning A Laboratory Manual, 2nd Ed., ed. by Sambrook, Fritsch and 
Maniatis (Cold Spring Harbor Laboratory Press: 1989). 

In another embodiment, the RNA isolated from the microsomes is amplified and subjected 
to a second round of screening for signal sequences. For example, the RNA molecules can be 
amplified using RNA-directed RNA polymerases. Alternatively, cDNA can be prepared from the 
RNA, the cDNA cloned into a vector downstream of a promoter, e.g., SP6, T3, or T7 promoter, 
such that the cloned cDNA can be in vitro transcribed. The in vitro transcribed RNA, which has 
preferably been capped during the in vitro transcription reaction, can then be in vitro translated and 
contacted with microsomes as described in the first round of selection. Yet further rounds of 
enrichment can be performed. 

Accordingly, the method of the invention permits isolation of nucleic acids encoding 
proteins having a signal sequence, e.g., secreted proteins. Secreted proteins can be cell growth 
and/or differentiation factors, e.g., cytokines, interleukins, colony stimulating factors and others. 
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The invention further provides cells, also termed herein "host cells" comprising a vector 
including a cloned nucleic acid of the invention. Such cells can be used, e.g., for the produrtion of 
high amounts of secreted proteins, which can be used, e.g., for preparing pharmaceutical 
compositions. Host cells can be prokaryotic, e.g., bacterial, or eukaryotic, e.g., yeast cells, e.g., 
5. cerevisiae, and S. pombe, vertebrate cells, preferably mammalian cells, even more preferably 
human cells. Expression in a eukaryotic host cells has the advantage that proteins can be 
posttranslationally modified, e.g., glycosylated. Preferred eukaryotic cells for expression of a 
protein of the invention include COS monkey cells and CHO cells. 

The invention fiirther provides proteins encoded by the nucleic acids of the invention. Such 
proteins can be produced, e.g., firom host cells transfected with the nucleic acids of the invention. 
Proteins can be produced according to methods known in the art, such as by culturing host cells 
comprising a nucleic acid of the invention in conditions suitable for the production of the protein 
encoded by the nucleic acid, and isolation of the protein from the culture medium and/or the host 
cells. 

Also within the scope of the inventions are non-human transgenic animals containing a 
nucleic acid identified according to the method of the invention. The term transgenic animals 
includes animals in which a nucleic acid of the invention is introduced into the animal and is 
integrated into the genome of the animal or an animal in which the endogenous gene con-esponding 
to a gene of the invention has been mutated, e.g., by the insertion of an unrelated nucleic acid (e.g., 
"knock-out" mutant). 

The invention also provides kits containing reagents for performing the invention. Such 
reagents can include one or more of: an in vitro transcription system, an in vitro translation system, 
microsomes, and reagents and buffers for isolating the microsome/polyribosome complexes and/or 
the RNA, reagents for synthesizing a first stand DNA, reagents for synthesizing a second strand of 
DNA, reagents for preparing a library, and oligonucleotides and primers for amplification of the 
DNA. Other kits within the scope of the invention contain one or more of the newly cloned DNA 
molecules. 



F.xRmplarv uses of the invention 

The nucleic acids of the invention, e.g., encoding secreted proteins, can have various 
utilities, in particular therapeutic utilities. Sequence analysis of the nucleic acid and amino acid 
sequences will reveal whether the nucleic acid and/or amino acid sequence have any particular 
motifs charaaeristic of certain types of proteins. Furthermore, comparison of the nucleic acid and 
amino acid sequences with known sequences will reveal whether the newly cloned nucleic acid or 
protein has any homology to known nucleic acids or proteins. In addition, in vitro and in vivo 
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experiments can be performed to determine whether the nucleic acid encodes a protein having a 
particular biological activity, e.g., cell growth and/or differentiation stimulatory activity. Thus, 
based on at least this information, the nucleic acid and/or protein encoded thereby can be used for 
treating or preventing specific diseases or disorders. For example, if the protein has a cell growth 
stimulatory activity, the protein could be used for treating cell proliferative disorders, e.g., cancer. 
5 The polynucleotides provided by the present invention can be used by the research 

community for various purposes. The polynucleotides can be used to express recombinant protein 
for analysis, characterization or therapeutic use; as markers for tissues in which the corresponding 
protein is preferentially expressed (either constitutively or at a particular stage of tissue 
differentiation or development or in disease states); as molecular weight markers on Southern gels; 

1 0 as chromosome markers or tags (when labeled) to identify chromosomes or to map related gene 
positions; to compare with endogenous DNA sequences in patients to identify potential genetic 
disorders; as probes to hybridize and thus discover novel, related DNA sequences; as a source of 
infonnation to derive PGR primers for genetic fingerprinting; as a probe to "subtract-out" known 
sequences in the process of discovering other novel polynucleotides; for selecting and making 

1 5 oligomers for attachment to a "gene chip" or other support, including for examination of expression 
patterns; to raise anti-protein antibodies using DNA immunization techniques; and as an antigen to 
raise anti-DNA antibodies or elicit another immune response. Where the polynucleotide encodes 
a protein which binds or potentially binds to another protein (such as, for example, in a 
receptor-Ugand interaction), tiie polynucleotide can also be used in interaction trap assays (such as, 

20 for example, that described in Gyuris et al.. Cell 75:791-803 (1993)) to identify polynucleotides 
encoding the otiier protein with which binding occurs or to identify inhibitors of the binding 
interaction. 

The proteins provided by the present invention can similarly be used in assay to determine 
biological activity, including in a panel of multiple proteins for high-throughput screening; to raise 

25 antibodies or to elicit another immune response; as a reagent (including the labeled reagent) in 
assays designed to quantitatively determine levels of tiie protein (or its receptor) in biological fluids; 
as markers for tissues in which the corresponding protein is preferentially expressed (either 
constitutively or at a particular stage of tissue differentiation or development or in a disease state); 
and, of course, to isolate correlative receptors or ligands. Where the protein binds or potentially 

30 binds to anotiiw protein (such as, for example, in a receptor-ligand interaction), the protein can be 
used to identify die other protein with which binding occurs or to identify inhibitors of the binding 
interaaion. Proteins involved in these binding interactions can also be used to screen for peptide 
or small molecule inhibitors or agonists of the binding interaction. 
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Methods for perfonning the uses listed above are well known to those skilled in the art. 
References disclosing such methods include without limitation "Molecular Cloning. A Laboratory 
Manual", 2d ed.. Cold Spring Harbor Laboratory Press, Sambrook, J., E. F. Fritsch and T. Maniatis 
eds., 1989, and "Methods in Enzymology: Guide to Molecular Cloning Techniques", Academic 
Press, Berger, S.L. and A. R. Kimmel eds., 1987. 

Any or all of these research utilities are capable of being developed into reagent grade or 
kit format for commercialization as research products. In one embodiment, the invention provide 
a solid surfece, e.g., a cWp, to which are linked one or more polynucleotide or polypeptide cloned 
according to the method of the invention. Such solid surfaces can be commercialized and used by 
others for characterizing other proteins. In particular, these should be useful for identifying ligands 
of orphan receptors. 

Polynucleotides and proteins of the present invention can also be used as nutritional sources 
or supplements. Such uses include without limitation use as a protein or amino acid supplemem, 
use as a carbon source, use as a nitrogen source and use as a source of carbohydrate. In such cases 
the protein or polynucleotide of the invention can be added to the feed of a particular organism or 
can be administered as a separate solid or liquid preparation, such as in the form of powder, pills, 
solutions, suspensions or capsules. In the case of microorganisms, the protein or polynucleotide 
of the invention can be added to the medium in or on which the microorganism is cultured. 

In one embodiment of the invention, a disease or disorder is prevented or treated in a 
subject, by administering to the subject an effective amount of a pharmaceutical composition 
comprising a secreted protein or a nucleic acid encoding a secreted protein and a pharmaceutically 
acceptable carrier. The nucleic acid can be a nucleic acid encoding the full length protein or a 
biologically active portion thereof In one embodiment, the nucleic acid is operably linked to a 
promoter, such that upon entrance into a cell, the nucleic acid is transcribed and translated into a 
biologically effective protein. The promoter can be a constitutive promoter or an inducible 
promoter. In another embodiment, the protein is synthesized ex vivo and administered in an 
effective amount to the subject having a disease or disorder. The protein can be synthesized in any 
cell e.g.. prokaiyotic cell, such as a bacterial cell, or a eukaryotic cell, e.g.. a human cell according 

to methods known in the art. 

Nucleic adds or proteins of the invention can be administered to a subject at therapeutically 
effective dose to treat or ameliorate a specific disease. A therapeutically effective dose refers to 
that amount of the compound sufficient to resuh in amelioration of symptoms associated with the 
particular disease. 

Pharmaceutical compositions for use in accordance with the present invention may be 
formulated in convemional manner using one or more physiologically acceptable carriers or 
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excipients. Thus, the compounds and their physiolo^cally acceptable salts and solvates may be 
fonnulated for administration by, for example, injection, inhalation or insufflation (either through 
the mouth or the nose) or oral, buccal, parenteral or rectal administration. 

For such therapy, the nucleic acids and proteins of the invention can be formulated for a 
variety of loads of administration, including systemic and topical or localized adnninistration. 
Techniques and formulations generally may be found in Remmington's Pharmaceutical Sciences, 
Meade PubUshing Co., Easton, PA. For systemic administration, injection is preferred, including 
intramuscular, intravenous, intraperitoneal, and subcutaneous. For injection, the nucleic acids and 
proteins of the invention can be formulated in liquid solutions, preferably in physiologically 
compatible buffers such as Hank's solution or Ringer's solution. In addition, the nucleic acids and 
proteins of the invention may be fomiulated in soUd fonn and redissolved or suspended immediately 
prior to use. Lyophilized forms are also included. 

For oral administration, the phannaceutical compositions may take the form of, for example, 
tablets or capsules prepared by conventional means with pharmaceutically acceptable excipients 
such as binding agents (e.g., pregelatinised maize starch, polyvinylpyrrolidone or hydroxypropyl 
methylcellulose); fillers (e.g., lactose, microcrystalline cellulose or calcium hydrogen phosphate); 
lubricants (e.g., magnesium stearate, talc or silica); disintegrants (e.g.. potato starch or sodium 
starch glycolate); or wetting agents (e.g., sodium lauryl sulphate). The tablets may be coated by 
methods well known in the art. Liquid preparations for oral administration may take the form of, 
for example, solutions, syrups or suspensions, or they may be presented as a dry product for 
constitution with water or other suitable vehicle before use. Such liquid preparations may be 
prepared by conventional means with pharmaceutically acceptable additives such as suspending 
agents (e.g.. sorbitol syrup, cellulose derivatives or hydrogenated edible fats); emulsifying agents 
(e.g., lecithin or acacia); non-aqueous vehicles (e.g., almond oil, oily esters, ethyl alcohol or 
fractionated vegetable oils); and preservatives (e.g., methyl or propyl-p-hydroxybenzoates or sorbic 
acid). The preparations may also comain buffer sahs, flavoring, coloring and sweetening agents 
as appropriate. Preparations for oral administration may be suitably formulated to give controlled 
release of the active compound. For buccal administration the compositions may take the form of 
tablets or lozenges formulated in conventional manner. 

For administration by inhalation, the nucleic acids and proteins of the invention are 
convenientiy delivered in the form of an aerosol spray presentation from pressurized packs or a 
nebuliser. with the use of a suitable propellant. e.g., dichlorodifluoromethane. 
trichlorofluoromethane. dichlorotetrafluoroethane. carbon dioxide or other suitable gas. In the case 
of a pressurized aerosol the dosage unit may be determined by providing a valve to deliver a 
metered amount. Capsules and cartridges of e.g. gelatin for use in an inhaler or insufflator may be 
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in a gene therapy construct by electroporation using techniques described, for example, by Dev et 
al. ((1994) Cancer Treat Rev 20:105-1 15). 

The pharmaceutical preparation of the gene therapy construct can consist essentially of the 
gene delivery system in an acceptable diluent, or can comprise a slow release matrix in which the 
gene delivery vehicle is imbedded. Alternatively, where the complete gene delivery system can be 
produced intact from recombinant cells, e.g. retroviral vectors, the pharmaceutical preparation can 
comprise one or more cells which produce the gene delivery system. 

The compositions may, if desired, be presented in a pack or dispenser device which may 
contain one or more unit dosage forms containing the active ingredient. The pack may for example 
comprise metal or plastic foil, such as a blister pack. The pack or dispenser device may be 
accompanied by instructions for administration. 

In another embodiment, the secreted proteins isolated according to the method of the 
invention can be distributed in 96 well plates and made commercially available for high throughput 
screening of the proteins for a specific activity. Accordingly, in a specific embodiment, the secreted 
proteins are produced in vitro, e.g., in bacteria, and are then linked to the surface of the 96 well 
plate and made commerdally available. Thus, high numbers of secreted proteins can be screened, 
e.g., for specific binding to a receptor. 

The contents of all cited references (including literature references, issued patents, published 
patent applications as cited throughout this application are hereby expressly incorporated by 
reference. The practice of the present invention will employ, unless otherwise indicated, 
conventional techniques of cell biology, cell culture, molecular biology, transgenic biology, 
microbiology, recombinant DNA, and immunology, which are within the skill of the art. Such 
techniques are explained fiilly in the literature. See, for example, Molecular Cloning A 
Laboratory Manual, 2nd Ed., ed. by Sambrook, Fritsch and Maniatis (Cold Spring Harbor 
Laboratory Press: 1989); DNA Cloning, Volumes I and II (D. N. Glover ed., 1985); 
Oligonucleotide Synthesis (M. J. Gait ed., 1984); MulUs et al. U.S. Patent No: 4,683, 1 95; Nucleic 
Acid Hybridization (B. D. Hames & S. J. Higgins eds. 1984); Transcription And Translation (B. 
D. Hames & S. J. Higgins eds. 1984); Culture Of Animal Cells (R. I. Freshney, Alan R. Liss, Inc., 
1987); Immobilized Cells And Enzymes (IRL Press, 1986); B. Peri^al, A Practical Guide To 
Molecular Cloning (1984); the treatise. Methods In Enzymology (Academic Press, Inc., N.Y.); 
Gene Transfer Vectors For Mammalian Cells (J. H. Miller and M. P. Calos eds., 1 987, Cold Spring 
Harbor Laboratory); Methods In Enzymology, Vols. 154 and 155 (Wu et al eds.). 
Immunochemical Methods In Cell And Molecular Biology (Mayer and Walker, eds.. Academic 
Press, London, 1987); Handbook Of Experimental Immunology, Volumes I-IV (D. M. Weir and 
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C. C. Blackwell, eds., 1986); Manipulating the Mouse Embryo, (Cold Spring Harbor Laboratory 
Press, Cold Spring Harbor, N.Y., 1986). 

Fxamples 

r.Tamplelr S ^ paratinn of R NA unending secreted proteins frpm encoding ppn- 
secreted proteins 

This example demonstrates that RNA encoding a secreted protein can be separated from 
RNA encoding a non-seaeted protein. The technique used, which is outlined in Figure 1, is based 
on the fact that secreted proteins are bound to microsomes as they are being translated, bringing 
along their associated RNAs. The membrane vesicles (and associated RNAs) can then isolated on 
a discontinuous sucrose density gradient which causes the vesicles to float towards the top of the 
gradient, whereas the ribosomes, free polysomes, and other RNAs remain at the bottom of the 
gradient due to their higher densities. RNA molecules associated with microsomes can then be 
isolated. 

Capped RNA encoding the secreted protein FGF Related Ligand 2 (FRL2; Noriyuki et al. 
Cell 83:621) and RNA encoding the cytosolic protein ornithine decarboxylase (ODC; Bassez et al. 
Devehpmeni 1 10:955) were each prepared separately as follows. Plasmid (pCS2+; Turner and 
Weintraub (1994) Genes Dev. 8:1434) containing DNA encoding each of the proteins were 
linearized downstream of the insert with the restriction enzyme NotI and used as template for the 
in vitro synthesis of RNA as described in Krieg and Melton (1984) Nucl. Acid. Res. 12, 7057-7070. 

To show that the RNAs encoding the two proteins can be separated from each other, a 
mbcture of the two RNAs was subjected to the procedure outlined in Figure 1 . Accordingly, 0.25 
Jig of each of the synthesized RNAs were then mixed together and the mixture was incubated for 
1 hour at 30°C in a 20fA reaction containing 20^1 nuclease treated rabbit reticulocyte lysate 
(Promega), 45 units of Rnasin (Promega), \5fM complete amino acid mix (Promega), and 0.2 
mg/ml rabbit Uver tRNA (Sigma) with or without 2(j.\ canine pancreatic microsomal membranes 
(Promega). After the incubation, the reactions were mixed with 90//! of dilution buffer (50 mM 
Hepes, pH 7.5; 500 mM Kcl; 5 mM MgCl^; 1 mM DTT; Img/ml rabbit liver tRNA) containing 2.9 
M sucrose (final sucrose concentration of the mixtures was about 2.2M). The mixtures were then 
applied to the bottom of Beckman Ultra-Clear™ 5 X 41 mm centrifiige tubes and layered with 
150^1. 200^1. 50/21. and 25^1 of dilution buffer containing, 2.0 M, 1.8 M, 0.3 M, and 0.0 M 
Sucrose respectively. Samples were then centrifuged in a Beckman SwSO ultracentrifuge rotor at 
50,000 rpm for 5 hours at 4''C. After cemrifugation, three fractions (ISO/zl each) were collected 
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successfuUy by pipetting fiom.the top of the centrifoge tube and processed for reverse transcription- 
polymerase chain reaction (RT-PCR). 

Each of the fractions were extracted with 1 mL of Rnazol B (Tel-Test) followed by 
extraction with an equal vohame of chloroform. Total RNAs were precipitated with 2-propanol. 
wahsed with 70% ethanol, and resuspended with 14/zI of water containing 0.05 units of a reverse 
primer encoding a common vector sequence (5' ACC TCC CCC TGA ACC TGA AAC 3' SEQ 
ID NO: 1) present within the 3' untranslated region of all in vitro transcripts generated from the 
pCS2+ vector. Reverse transcription was performed with the addition of RT buffer (IX final- 
Promega), 1 mg/ml BSA, 1 mM DTT, 25 mM dNTP. 20 units RNAsin, and 100 units MMLV-RT 
(Promega). Samples were incubated at 420C for 30 minutes. PCR was carried out in 10/zl 
reactions consisting of 0.5 units Taq DNA polymerase (Promega). 2.5 mM MgCl, 100/.M dNTT» 
0.5 mC, [cc'^-P] dCTP, l;.l of the reverse transcribed reaction, and 10 pmol of each primer Thi 
following primers were used in the PCR reactions: FRL2 forward primer 5' ATG CTT GAC ATT 
ATG GTG 3- ( SEQ ID NO: 2); FRL2 reverse primer 5' TTA TCT CAT AGC AGG GAG 3' ( SEQ 
ID NO: 3); ODC forward primer 5' AAT GGA TTT CAG AGA CCA 3' ( SEQ ID NO- 4)- and 
ODS reverse primer 5' CCA AGG CTA AAG TTG CAG 3" (SEQ ID NO: 5). 29 cycles were 
perfonned at the following temperatures: 94 X for 1 minute, 55 «C for 1 minute and 72 'C for 
1 minute. A Sample of each of the PCR reactions was then separated on an agarose gel and 
ethidium bromide stained to visualize the amplified products. 

A photograph of the agarose gel is shown in Figure 2. The results indicate that in the 
absence of microsomes, messages encoding both FRL2 and ODC are present only at the bottom 
of the gradient. In the presence of microsomes, however, FRL2 (encoding a secreted protein) is 
found both at the top and bottom of the gradient, whereas ODC (encoding a cytosolic protein) is 
found exclusively at the bottom of the gradient. 

nius, this Example demonstrates that the procedure outlined in Figure 1 allows the isolation 
of RNA encoding secreted proteins from RNA encoding non-secreted proteins. 

^iamcltll Isolation of RNA enmrlin^ «>^r >ted p^nt^jn^ f ^^„ '»--n"n 

This example demonstrates that the technique used in the previous example and outlined 
m Figure I can be used to isolate RNAs encoding secreted proteins or other proteins having a signal 
peptide from a mixture of RNAs transcribed from a cDNA library. 

Capped RNA was prepared from a from a Xenopus stage 11-15 library as follows. The 
librarywas builtinto the vector pCS2+ (Turner and Weintraub(I994)Ge««Z)ev. 8. 1434-1447) 
and was linearized with the restrirtion enzyme Not 1 to synthesize capped RNA in vitro as 
described previously (Krieg and Mekon (1984). supra). For floating, 0.5 /.g sample of the 
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synthesized RNA was incubated for 1 hour at 30''C in 20 fA reactions containing 20//1 nuclease 
treated rabbit reticulocyte lysate (Promega), 45 units of Rnasin (Promega), 15//M complete amino 
add nux (Promega), 2fA canine pancreatic microsomal membranes (Promega), and 0.2 mg/ml rabbit 
liver tRNA (Sigma). The final reaction was then mixed with 90jA of dilution buffer (50 mM Hepes, 
pH 7.5; 500 mM Kcl; 5 mM MgClj; 1 mM DTT; Img/ml rabbit liver tRNA) containing 2.9 M 
sucrose (final sucrose concentration was about 2.2M). The nuxture was then applied to the bottom 
of Beckman Ultra-Clear™ 5 X 41 mm centrifiige tubes and layered with 150//1, 200/zl, 50^1, and 
25/il of dilution buffer containing, 2.0 M, 1 .8 M, 0.3 M, and 0.0 M Sucrose respectively. Samples 
were then centrifiiged in a Beckman Sw50 ultracentrifiige rotor at 50,000 rpm for 5 hours at 4*C. 
After centrifiigation, 5 firactions (1 IO/2I each) were collected successively by pipetting from the top 
of the centrifiige tubes and processed for RT-PCR. 

After centrifiigation, each of the fractions were extracted with 1 mL of Rnazol B (Tel-Test) 
followed by extraction with an equal volume of chloroform. Total RNAs were precipitated with 
2-propanol, wahsed with 70% ethanol, and resuspended with 14//1 of water containing 0,05 units 
of a reverse primer encoding a common vector sequence present within the 3' untranslated region 
of all transcripts (5* ACC TCC CCC TGA ACC TGA AAC 3*; SEQ ED NO: 1). Reverse 
transcription was performed with the addition of RT buffer (IX final; Promega), 1 mg/ml BSA, 1 
mM DTT, 25 mM dNTP, 20 units RNAsin, and 100 units MMLV-RT (Promega). Samples were 
incubated at 42^*0 for 30 minutes. PGR was carried out in lO/il reactions consisting of 0.5 units 
Taq DNA polymerase (Promega), 2.5 mM MgCl^, 100/zM dNTP, 0.5 //Ci [«^^-P] dCTP, 1//1 of the 
reverse transcribed reaction, and 10 pmol of each primer. The sequences encoding the following 
secreted or cytosolic proteins were amplified: the secreted proteins Sonic Hedgehog, Epidermal 
Fibroblast Growth Factor (EFGF), Sizzled, Dickkopf, Follistatin, and Cerberus; and the cytosolic 
proteins: epidermal keratin (epid. Keratin), EFlalpha, Xtwist, Goosecoid, and Neurogenin. The 
following primers were used in the PGR reactions for detecing RNA encoding each of these 
proteins: sonic hedgehog forward 5'-TCCTCCAGACCAGACCTTCCA-3' (SEQ ID NO: 6), 
reverse 5'-CGTATTAGTTCGTTTGTTTGT.3' (SEQ ID NO: 7); eFGF forward 5*- 
GTGCCTGCCGCTTTCTTTCCA-3* (SEQ ID NO: 8), reverse 5*- 
A/\CTCACGACTCCAACTTCCA-3' (SEQ ID NO: 9); sizzled forward 5'- 
AGCCCTGCCGTAGTATGTGTGO' (SEQ ID NO: 10), reverse 
5*CTGTGGGTCTGGTCCGTATCA-3' (SEQ ID NO: 11); dickkopf forward 5'- 
AGATGATGACTGTGCCCTTGA-3' (SEQ ID NO: 12), reverse 5'- 
CCTTTCCTCCTGTGCTTGGTG-3' (SEQ ID NO: 13); follistatin forward 5'- 
CAGTGCAGCGCTGGAAAG-3* (SEQ ID NO: 14), reverse 5'-TGCGTTGCGGTAATTCAC-3* 
(SEQ ID NO: 15); cerberus forward 5*-TTCTCGCCGTTCTTTTGATAA-3' (SEQ ID NO: 16), 
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reverse y-ACACffrGCATrCCTCTACCAT-3'(SEQ ID NO: 17). epWemal tem//-. forward 5'- 
^GAACACAOATAC-3. (SEQ U> NO. >S). rever. CAACCTTCCCATCAACCAO. 
(S^ NO: «); forward 5.-CAGATrGCrrGCTGGATATGC.3- (SEQ ID Na 20 

reverse y-ACTGCCTTGATGACTCCTAG-r (SEQ ID NO: 21); JfM« forward - 
AGTCCGATCrCAGTGAAGGGCA-r (SEQ ID NO: ^2). reverse - 

TOTGTGTOGCCrGAGCTGTAG -J' (SEQ ID NO: 23); ^ 'rj^ '; 
ACAACn3GAAGCACrGGA-3' (SEQ ID NO: 24), reverse 5'. TCTTATTCCAGAGGAACM 
NO: 25); and ne^ forward .-CAAGAGCGGAGAAACTGTGT-r (SEQ H, Na 
26) reve.se5'-GAAGGAGCAACAAGAQGAAG-3'(SEQlDNO:27). 29 <^es were perfonr^d 
L fonowing «res: ,4 'C for , nri-u.. 55 X for , n»«e. and 72 "C for , nunnre. 
A sample of each reaction was then subjeaed to agarose gel dectrophorests. 

Figures 3 and 4 shows PCR atnpUfication prxKlucts obtained using pnmers detectmg 
secreted r.gu- 3) and c^c (Ftgure 4) proteins, ftom RNA samples obtained from the top and 
ftomJbol of .hesucrose^en,.-n,ere..tsstow.hata.lthe messages encodmg secreted 

proteins that were tested were detected a. the top of the gradient. The fact that *e degree of 
Ling vaHes somewhat for each message, probably reflects the efficiency of the translauon 
machi ety of the rabbit reUculocyte lysate, the processing of the translaang protetns by * 
Losol men^ranes. or both. Differences in the intensity of the sign, betwe^ the 
rr^ges probably reflectstherdativeabundance of themessages indteh rary. F.^re4s^^^ 

that, L Isages encoding the no.seceted proteins that were teste* all 

bouom of the gradient, but not at the top. Thu. RNAs encoding protetns w^ch do nt ^ 

asistalpeptidearenev^presentatthetopof the .crose gradient. These resultstndtcatetta^^^ 

.,XddlopedisaMe.osdectfo,RNAsencodi„gsecretedproteinsandthat,mo«m,pon^^ 

.hismethodisab.toselec.agai«.hosen«ssagesencodtagcyu,p.asmicpro.e...^ 

show that this method can be generally applied to preexisting libranes, as shown for the staged 

Xenopus library. 



^ie skilled in the art will r«=ognize, or be able to ascertain "sing no more than routn« 

^ent^iotv many ™*°"""°" 

Such equivalents are intended to be encompassed by the following clamts. 
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Qaimsi 

, A.ea«x.forUoU»ganucWc.ca«ncodi.«apro«inbavi.gadg.a,pepa^ 

LlganRKA™.=aJea^a.ed^™croso,nesu„d=rco„di«o„swh.=.n*=BNA 

is at least partially translated. 
' 3. T.e™e,hodofc.ain,l.v^..hepro.«nh™„gasigna.p=p.Meisasecr=tedpro.«n. 

The method of Oai. 1^^ cc^Hsin. synthesizing a sin^e suanded DNA .o>e..e 
from the RNA molecule. 

'° 4. The™eU.odofc,ai«3>r*=.co.prtsingco„vening,hesing.es.,a„dedDNA,no,ec»de 

into a double stranded DNA molecule. 

5 The n^ of dain. 3, or 4, ft*er co^^ing .nse«i„g .he mK .he single s.ranaed 
,5 DNA nolecule or Ae double s.randed DNA molecule in.o a veoor. 

6. The,»e.hodofc.ain,5.wherein*evec.orisanexpressionvec.or. 

Then,e*odofclain,.««rcon^gproductagapro.ein from .he expression veCor. 

, The me-hod of dain, 7, 6.r*=r con,pr^ng preparing a phar.aceu.ieal composition 
■ comprising pro.ein and a phanuaceaically accepu,ble camer. 

and the RNA are from the same cell. 



20 



25 



9. The method of claim l. wherein the microsomes i 

10. The method of claim 9, wherein the cell is a mammalian cell. 



30 



U. The method of claim 1 0. wherein the mammalian cell is a human cell. 

U ThemethodofclaimU,or4,whereinthemicrosomesandtheR^Aareheterologous. 

,3 Themethodofclaimlorl2,whereintheRNAwhichisatleastpartia,lytranslatedisan 
RNA which is translated in an in vitro translation system. 
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14. The 



method of claim 13, wherein the in vitro translation system is a reticulocyte lysate. 



15. The method of claim 12, wherein the RNA which is at least partially translated is RNA 
isolated from a cell or tissue sample. 

16. The method of claim 15. wherein the cell or tissue is a mammalian cell or tissue. 

17. The method of claim 16, wherein the mammalian cell or tissue is a human cell or tissue. 

18 The method of claim 12, wherein the RNA, the in vitro translation system and the 
ndcrosomes are contacted, to thereby produce RNA which is partially translated and 
wherein RNA encoding a protein comprising a signal peptide is associated with the 

microsomes. 

19. The method of claim 1 or 18, further comprising isolating the microsomes and the RNA 
associated therewith . 

20. m method of claim 19, wherein the microsomes are isolated by sucrose density gradiem 

centrifugation. 

21. A method for isolating a nucleic acid encoding a protein having a signal peptide, 

comprising: * 

(i) contacting one or more RNA molecules with an in vitro translation system, to 
thereby produce one or more RNA molecules which are at least partially translated; 

(ii) contacting the one or more RNA molecules which are at least partially translated 
^vith microsomes, such that the RNA molecules which are at least partially translated and 
which comprise a signal sequence associate with the microsomes, to thereby produce at 

least one RNA molecule associated with the microsomes; 

Oii) isolating the microsomes and the at least one RNA molecule associated with the 

microsomes; and 

C,v) isolating at least one RNA molecule associated with the microsomes. 

22. The method of claim 21, further comprising synthesizing a single stranded DNA molecule 
from the RNA molecule. 
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23. The method of claim 22. further comprising converting the single stranded DNA molecule 
into a double stranded DNA molecule. 

24. The method of claim 23, further comprising inserting the double stranded DNA molecule 
into a vector. 

25. The method of claim 24, wherein the vector is an expression vector. 

26. The method of claim 25, further comprising producing a protein from the expression vector. 

27. The method of claim 26, further comprising preparing a pharmaceutical composition 
comprising the protein and a pharmaceutically acceptable carrier. 

28. A method for preparing a library of nucleic acids encoding proteins comprising a signal 
peptide, comprising isolating RNA molecules associated with microsomes under conditions 
wherein the RNA molecules are at least partially translated. 

29. A method for enriching a population of RNA molecules in RNA molecules encoding a 
protein comprising a signal peptide, comprising 

(i) contacting the population of RNA molecules with a translation system, to 
thereby produce at least partially translated RNA molecules; 

Cii) contacting the at least partially translated RNA molecules with microsomes under 
conditions in which the partially translated RNA molecules comprising a signal peptide 
associate with the microsomes; 

(iii) isolating the microsomes and the RNA molecules associated with the 

microsomes; and 

Civ) isolating the RNA molecules from the microsomes, 
to thereby produce a population of RNA molecules enriched in RNA molecules encoding 
a protein comprising a signal peptide. 

30. A Ubraiy of nucleic adds encoding proteins comprising a signal peptide, prepared according 
to the method of cl^m 5. 



31. The library of claim 30, which is a cDN A library. 
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32. The library of clmm 3 1 ^ which is an expression library. 

33 . A Ubrary of nucleic adds encoding proteins compriang a signal peptide, prepared according 
to the method of claim 21 . 

34. The library of cl^m 33, which is a cDNA library. 

35. The library of claim 34, which is an expression library. 

36. An isolated nucleic acid isolated according to the method of claim 3. 

37. The isolated nucleic acid of claim 36, which encodes a secreted protein. 

38. An isolated nucleic acid isolated according to the method of claim 22. 

39. The isolated nucleic acid of claim 38, which encodes a secreted protein. 

40. An isolated polypeptide encoded by the isolated nucleic acid of claim 38. 

41 . An isolated polypeptide encoded by the isolated nucleic acid of claim 38. 

42. A pharmaceutical composition comprising a nucleic acid of claim 36 and a pharmaceutically 
acceptable carrier. 

43 . A pharmaceutical compoation compriang a nucleic acid of claim 3 8 and a pharmaceutically 
acceptable carrier. 

44. A phannaceutical composition comprising a polypeptide of claim 40 and a pharmaceutically 
acceptable carrier. 

45 . A pharmacaitical composition compriang a polypeptide of claim 4 1 and a pharmaceutically 
acceptable carrier. 

46. A method for treating a subject for a disease or disorder that can be ameliorated by 
administration of a secreted protein identified by the method of claim 1, comprising 
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a6ouni«=ring .0 U.. subi«. ™ .f^- a phamaceuUcal composition 

:!:::;:^ap.o»inid«««edb.«.e.=*odofc,.m..such.w.h=*se^ 

is ameliorated in the subject. 



47. 



A method for Ueating a subjea for a disease o, disorder m can be amelorared ^ 
ir^ration of a secre«d protein identified b, ti,e method of Catm , compr. 

t LeHng to ^ subject an effective amotntt of a '^"-^^^ 
comp,isi.«..«cleicacidencodingap,o.ei„identified by the method of clatmLsuchd^t 

the disease or disorder is amelioiated in the subject. 
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RT-PCR of Messages Encoding Nonsecreted Proteins 
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